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(57) ABSTRACT 

An input processing unit, calculates on receiving input 
packets their output time limit values based on the delay 
time limit values, and stores the results in the attribute 
storing memory, together with the packet sizes. A read 
controlling unit compares the first several entries in a queue 
as to the output time limit values and packet sizes that are 
stored in an attribute storing memory, and outputs the 
packets in decreasing order of size within the range in which 
the delay time limit values will be met. 
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FIG. 3 




c 



END 



FIG. 4 



to t1 t2 t3 t4 t5 t6 t7 t8 t9 
H \ 1 \ 1 1 \ 1 1 1 h 



(SIZE, TIME LIMIT) 

1.(4.8) V//////////A 



(S.10) V///////////////^ 



3.(1.4) ^2 



M3,6, V///////A 



11/24/2004, EAST Version: 2.0.1.4 



U.S. Patent Jun. 15, 2004 sheet 4 of 4 



US 6,751,194 Bl 



FIG. 5 



100 

PACKET MULTIPLEXER 
110 



INPUT 
PROCESSING 
UNIT 



120 



BUFFER 
MEMORY 



131 



HIGH-PRIORITY 




QUEUE 








132 


LOW-PRIORITY 






QUEUE 








140 




ATTRIBUTE 
STORING MEMORY 


rJ 







20 



150 

j± 

READ 
CONTROLLING 
UNIT 



11/24/2004, EAST Version: 2.0.1.4 



us 6,7 

1 

PACKET MULTIPLEXER FOR PRIORITY 
CONTROL 

BACKGROUNDS OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a packet multiplexer or a 
packet switch that accommodates TCP/IP trafiSc in 
particular, and to improvement by enabling the coexistence 
of transfer of best effort services and transfer of traffic 
services that require delay quality. 

2. Description of the Related Art 

Conventionally, a transfer device, which represents the 
first tier in introducing a packet line from a subscriber into 
the trunk network, has been implemented as a multiplexer. 
Conventional packet multiplexers are mainly used as leased 
circuits, with which some means of quality assurance, 
including congestion control and error control, are provided. 
One well-known example of congestion control for conven- 
tional packet switching networks is the technique disclosed 
in Japanese Patent Laying-Open (Kokai) No, Heisei 
7-79253. 

This technique measures transmission delay based on a 
packet requesting measurement of transmission delay, which 
is sent from a source, and the corresponding packet 
acknowledging measurement of transmission delay, which is 
sent from the switch back to the source, and attempts to 
reduce network congestion by giving higher priority in 
processing to packets with greater delays and by causing 
sources with smaller delays to reduce the number of packets 
that they send. 

Meanwhile, as the construction of TCP/IP-based net- 
works has been actively promoted in recent years, demand 
has arisen for the integration of sound/image transfer ser- 
vices that require delay quality, in addition to conventional 
best effort TCP/IP traffic. In order to meet such demand, 
such techniques as weighed round robin and weighed fair 
queuing for controlling reading from a queue having mul- 
tiple priorities have been proposed and/or realized. These 
control techniques determine the next packet to read, based 
on the number of packets already read from the queue. 

Conventional packet multiplexers, however, do not pro- 
vide guarantee that packet delay will be limited within a 
desired range; this very often has led to the problem that 
some packets may suffer from significant delay in arrival, 
resulting in failiu-e to transfer realtime information with 
sufficient quality, which is essential to sound/image transfer 
services. In the case of the technique disclosed in the 
above-mentioned official gazette as well, packet switches do 
not guarantee different delays for different flows; this has led 
to the problem that packets do not arrive in sequence when 
transmitted sound and/or images are being reconstructed, 
giving rise to complaints among users about quality, 

SUMMARY OF THE INVENTION 
An objective of the present invention is to resolve the 
problems described above by providing a packet multiplexer 
that enables the coexistence of transfer of best effort services 
and transfer of traffic services that require delay quahty. 

Another objective of the present invention is to provide a 
packet muhiplexer that enables delay time guarantee, which 
has not been achieved in conventional priority control 
methods that allocate packets to queues with different pri- 
orities simply based on the lengths of packets. 

Yet another objective of the present invention is to pro- 
vide a packet multiplexer that enables to discard illegal 
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packets incoming from the subscriber or lower the read 
priority of such packets, thereby enabling efficient use of 
transmission bandwidths within the network. 
According to one aspect of the invention, a packet 
5 multiplexer, comprises 

an input processing means for setting an output time limit 
value in the input packet and for measuring the sizes of 
packets in question and converting the measurements to 
values in terms of processing times corresponding to 
these sizes, 
a first storing means for storing the packets, 
a second storing means for storing the order in which 
these packets are to be output according to the order in 
which they are received, 
an attribute storing means for storing the output time limit 
value and sizes of the packets that are calculated by the 
input processing means, and 
a read controlling means for comparing the first entry and 
20 the following entry as to the output time limit values 
and sizes that are stored in the second attribute storing 
means and then selecting a packet to output so that the 
packets will be output in decreasing order of size within 
the range in which the output time limit values will 
25 meet the delay time limit values. 

In the preferred construction, the input processing means 
further comprises 

an attribute table for storing the delay lime limit values, 
a time stamp generating means for calculating an output 
30 time limit value based on the delay time limit value and 
the time required for the packet to arrive, 
and a size measuring means for measuring the size of the 
packet and converting the result into a value in terms of 
processing time corresponding to this size, 
35 In another preferred construction, the read controlling 
means selects a packet signal by giving priority to those 
packets that will time out. 

In another preferred construction, the input processing 
means further comprises 

an attribute table for storing the delay time limit values, 
a time stamp generating means for calculating an output 
time limit value based on the delay time limit value and 
the time required for the packet to arrive, 
and a size measuring means for measuring the size of the 
packet and converting the result into a value in terms of 
processing time corresponding to this size, wherein 
the read controlling means 

selects a packet signal by giving priority to those 
packets that will time out. 
In another preferred construction, the input processing 
means has an integration table for adding up the packet 
sizes, wherein 

the read controlling means 
55 discards the contents stored in the first storing means, 
second storing means, and attribute storing means if the 
integrated value in the integration table exceeds the 
threshold. 

In another preferred construction, the input processing 
gQ means further comprises 

an attribute table for storing the delay time limit values, 
a time stamp generating means for calculating an output 
time limit value based on the delay time limit value and 
the time required for the packet to arrive, 
65 a size measuring means for measuring the size of the 
packet and converting the result into a value in terms of 
processing time corresponding to this size, 
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an integration table for adding up the packet sizes, 
wherein 

the read controlling means 

discards the contents stored in the first storing means, 
second storing means, and attribute storing means if 5 
the integrated value in the integration table exceeds 
the threshold. 

In another preferred construction, the input processing 
means has an integration table for adding up the packet 
sizes, wherein lO 

the read controlling means 

selects a packet signal by giving priority to those packets 

that will time out, 
and discards the contents stored in the first storing means, 

second storing means, and attribute storing means if the 

integrated value in the integration table exceeds the 

threshold. 

In another preferred construction, the input processing 
means further comprises 

an attribute table for storing the delay time limit values, 
a time stamp generating means for calculating an output 

time hmit value based on the delay time limit value and 

the time required for the packet to arrive, 
a size measuring means for measuring the size of the 25 

packet and converting the result into a value in terms of 

processing time corresponding to this size, 
and an integration table for adding up the packet sizes, 

wherein 

the read controlling means 30 
selects a packet signal by giving priority to those 

packets that will time out, 
and discards the contents stored in the first storing 
means, second storing means, and attribute storing 
means if the integrated value in the integration table 35 
exceeds the threshold. 
In another preferred construction, the input processing 
means has an integration table for adding up the packet 
sizes, wherein 

the read controlling means ^ 
sets the output time limit value for the packet that is stored 
in the attribute storing means to the maximum if the 
integrated value in the integration table exceeds the 
threshold. 

In another preferred construction, the input processing 
means further comprises 

an attribute table for storing the delay time limit values, 
a time stamp generating means for calculating an output 

time limit value based on the delay time limit value and 

the time required for the packet to arrive, 
a size measuring means for measuring the size of the 

packet and converting the result into a value in terms of 

processing time corresponding to this size, 
and an integration table for adding up the packet sizes, 55 

wherein 

the read controlling means 

sets the output time limit value for the packet that is 
stored in the attribute storing means to the maximum 
if the integrated value in the integration table go 
exceeds the threshold. 
In another preferred construction, the input processing 
means has an integration table for adding up the packet 
sizes, wherein 

the read controlling means 65 
selects a packet signal by giving priority to those packets 
that will time out, 



and sets the output time limit value for the packet that is 
stored in the attribute storing means to the maximum if 
the integrated value in the integration table exceeds the 
threshold. 

In another preferred construction, the input processing 
means further comprises 

an attribute table for storing the delay time limit values, 

a time stamp generating means for calculating an output 
time limit value based on the delay time limit value and 
the time required for the packet to arrive, 

a size measuring means for measuring the size of the 
packet and converting the result into a value in terms of 
processing time corresponding to this size, 

and an integration table for adding up the packet sizes, 
wherein 

the read controlling means 

selects a packet signal by giving priority to those 

packets that will time out, 
and sets the output time Hmit value for the packet that 
is stored in the attribute storing means to the maxi- 
mum if the integrated value in the integration table 
exceeds the threshold. 
In another preferred construction, the first storing means 
consists of 

a high-priority queue for storing the output order in which 
the delay-guaranteed packet that should be output ear- 
lier is to be output, 

and a low-priority queue for storing the output order in 
which the non-delay-guaranteed packet is to be output, 
wherein 

the read controlling means 

whenever the packets exist in the high-priority queue, 
gives output priority to such packets. 
In another preferred construction, the first storing means 
consists of 

a high-priority queue for storing the output order in which 
the delay-guaranteed packet that should be output ear- 
lier is to be output, 

and a low-priority queue for storing the output order in 
which the non-delay-guaranteed packet is to be output, 
wherein 

the read controlling means 

selects fi-om the packets stored in the high-priority 
queue by giving priority to packet signals that will 
time out, 

and selects from the packets stores in the low-priority 
queue in sequence from the first packet. 
According to another aspect of the invention, a packet 
multiplexer, comprises 

an input processing unit which sets an output time limit 

value in the input packet and measures the sizes of 

packets in question and converts the measuiremenls to 

values in terms of processing times corresponding to 

these sizes, 
a storing memory which stores the packets, 
a queue which stores the order in which these packets are 

to be output according to the order in which they are 

received, 

an attribute storing memory which stores the output time 
limit value and sizes of the packets that are calculated 
by the input processing unit, 

and a read controlling imit which compares the first entry 
and the following entry as to the output time limit 
values and sizes that are stored in the second attribute 
storing memory and then selects a packet to output so 
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that the packets will be output in decreasing order of 
size within the range in which the output time limit 
values will meet the delay time limit values. 
Other objects, features and advantages of the present 

invention vsdll become clear firom the detailed description 5 

given herebelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention wiU be understood more fully from 
the detailed description given herebelow and from the 
accompanying drawings of the preferred embodiment of the 
invention, which, however, should not be taken to be limi- 
tative to the invention, but are for explanation and under- 
standing only. 

In the drawings: 

FIG. 1 is a configuration block diagram for explaining a 
packet multiplexer according to the first embodiment of the 
present invention; 

FIG. 2 is a configuration block diagram showing the 20 
relationship among the buffer memory, queue, and attribute 
storing memory; 

FIG. 3 is a flowchart for explaining the operation of the 
read controlling unit for comparing packets in size and 
output time limit value; 25 

FIG. 4 is a diagram for explaining an exarnple of the 
process flow shown in FIG. 3; 

FIG. 5 is a configuration block diagram for explaining a 
packet multiplexer according to the second embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The preferred embodiment of the present invention wiU 
be discussed hereinafter in detail with reference to the 
accompanying drawings. In the following description, 
numerous specific details are set forth in order to provide a 
thorough understanding of the present invention. It will be 
obvious, however, to those skilled in the art that the present 
invention may be practiced without these specific details. In 
other instance, well-known structures are not shown in detail 
in order to imnecessary obscure the present invention. 

FIG. 1 is a configuration block diagram for explaining a 
packet multiplexer according to the first embodiment of the 45 
present invention, and shows the configuration of a packet 
multiplexer 100. 

The packet multiplexer 100 of this embodiment is con- 
figured so that it comprises an input processing unit 110 for 
setting an output time limit value in the input packets and for 50 
measuring the sizes of packets in question and converting 
the measurements to values in terms of processing times 
corresponding to these sizes; a buffer memory 120 for 
storing the packets; a queue 130 for storing the order in 
which the packets are to be output according to the order in 55 
which they are received; an attribute storing memory 140 for 
storing the output time limit value and sizes of the packets 
in question that are calculated by the input processing unit; 
and a read controUing unit 150 for comparing the first entry . 
and the foUowing entry stored in the attribute storing 60 
memory as to the output time limit it value and size and then 
selecting the packet to output so that the packets will be 
output in decreasing order of size within the range in which 
the output time limit value wiU meet the delay time limit 
value. 65 

Through such configuration as described above, the 
packet multiplexer 100 can guarantee delay time within the 
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device by performing read priority control. On receiving 
input packets, the input processing unit 110 calculates their 
output time limit values based on the delay time limit values, 
and stores the results in the attribute storing memory 140, 
together with the packet sizes. The delay time limit values 
will be met, since the read controlling unit 150 compares the 
first several entries in the queue 130 as to the output time 
limit values and sizes that are stored in the attribute storing 
memory 140, and outputs the packets in decreasing order of 
size within the range in which the delay time limit values 
will be met. 

A configuration is also possible in which the input pro- 
cessing unit 110 has an integration table 116 for adding up 
packet sizes, and a read controlling unit 150 discards the 
contents for the packet in question that are stored in the 
buffer memory 120, the queue 130, and the attribute storing 
memory 140 if the integrated value from the integration 
table 116 exceeds the threshold. Discarding bulky packets 
that exceed the threshold ensures proper processing of other 
packets, thereby increasing the likeliness that the delay time 
limit values wiU be met. 

Yet another configiuration is possible in which the read 
controlling unit 150 sets the output time limit value stored in 
the attribute storing memory 140 for the packet in question 
to the maximum if the integrated value from the integration 
table 116 exceeds the threshold. Lowering the priority for 
bulky packets that exceed the threshold ensures proper 
processing of other packets, thereby increasing the likeliness 
that the delay time limit values wiU be met; if space becomes 
available, these packets will be processed and transmitted 
although the delay time limit values wiU not be met. 

Next, an embodiment of the present invention will be 
described in detail with reference to an example. 

With reference to FIG. 1, the input processing unit 110 
performs input processing on packets from the respective 
input lines 10-1 to 10-n, and consists of a header searching 
unit 111, an attribute table 112, an address generating unit 
113, a time stamp generating xmit 114, a size measiu^ing unit 
115, and an integration table 116. 

The header searching unit 111 searches attributes using 
the destination and source addresses contained in the packet 
header, and acquires information concerning flows in ques- 
tion from the attribute table 112. The attribute table 112 
contains a flag indicating whether delay guarantee will be 
conducted or not, a delay time limit value, a flag indicating 
whether policing will be conducted or not, and a threshold 
used for policing, aU of which are pre-set using the control 
system within the device (not shown). The operation of 
policing will be described later. 

The address generation unit 113 generates the address of 
the buffer memory 120 in which a packet will be written 
temporarily, the address of the attribute storing memory 140 
in which packet attributes wfll be stored, and the address of 
the queue 130 in which the addresses of the attribute storing 
memories 140 wiU be written in the order of packets 
received. The time stamp generating unit 114 fetches the 
delay request value within the device from the packet 
attribute read from the header searching unit 111, and 
calculates the output time limit based on this value and the 
reception time. The size measuring unit 115 measures the 
sizes of packets. The integration table 116 adds up the packet 
size per flow ID in units of a fixed widow size (fixed time), 
which is provided for easier management of integrated 
values. 

An input packet is written in the buffer memory 120 
located at the address generated by the input processing unit 
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110. The output time limit value, size, and the address of the entries based on size and output time limit value. In FIG, 3, 

buffer memory 120 are written in the attribute storing the sizes of the two entries are indicated as SI and S2, and 

memory 140, whose address in turn will be written in the their output lime limit values as El and E2, respectively. The 

queue 130. time for the next packet to be read is assumed as tO. 

The read controlling unit 150 examines the queue 130 ^ in Step 301, the two sizes, SI and S2, are compared. If the 

from the start, fetches the address of the attribute storing size SI is greater than the size S2, E2-t0 is made a new 

memory 140 that is shown by the entries in the queue 130, output time limit value at Step 302. By this, the remaining 

and determines the next entry to read based on the size and time from the next output time to the output time limit is 

output time Umit value. The read controlling unit 150 then obtained. Next, at Step 303, the size SI and the output time 

reads a packet using the address of the buffer memory 120 value E2 are compared. If the size SI is smaller. Packet 

corresponding to the entry chosen for the next read, and 1 will be selected because it means that the output time limit 

outputs the packet to the output line 20. value E2 will not time out when Packet 1 is output. If the 

FIG. 2 is a block diagram showing the relationship among size SI is greater than the output time limit value E2, Packet 

the buffer memory 120, queue 130, and attribute storing 2 will be selected because it means that Packet 2 will be 

memory 140. In the queue 130, a pointer 201 is written, expired when the size SI is output (Step 307). 

which represents the address of the attribute storing memory On the other hand, if the size S2 is found to be greater than 

140, and in the attribute storing memory 140, a pointer 202 the size SI through comparison at Step 301, El-tO is made 

is written, which represents the address of the buffer a new output time limit value El at Step 305. Similarly to 

memory 120 in which the size, output time limit value. Step 303, Step 306 compares the size S2 and the output time 

discard flag, and the appUcable packet are written. In the limit value El, and if the size S2 is smaller, Packet 2 will be 

buffer memory 120 indicated by the pointer 202, packet data selected because it means that the output time limit value El 

is written. will not time out even if Packet 2 is output (Step 307). If the 

The operation of a device configured as described above size S2 is greater than the output time limit value El, Packet 

will now be described. The input processing unit 110 of the 1 will be selected because it means that Packet 1 will time 

packet multiplexer 100 shown in FIG. 1 fetches the out if the size S2 is output (Step 304) As stated above, two 

addresses of the destination and the source from the header entries are compared and one of them is selected, 

of an input packet signal. In the case of an IP packet, for This comparison process is performed by a microproces- 

example, this operation means fetching the destination IP sor or a hardware logical circuit; in the actual process, 

address and the source IP address. Following this operation, entries in a queue 130 are examined and compared multiple 

the header searching unit 111 searches the attribute table 112 times in sequence from the start. In other words, one entry 

using these values as search keys. is selected from the first two in the queue 130, and then the 

The delay time limit value, which is to be pre-specified by third entry and this entry selected previously are compared 

the controlling unit within the device, must be a value io a similar manner. By repeating such comparison several 
standardized based on the process basic cycle within the 35 times, the next packet to output is selected and determined, 

device. If the applicable packet is found by the header search The following example performs comparison three times for 

to be a flow requiring delay guarantee, the time stamp four entries, while the number of times of comparison is 

generating unit 114 calculates the output time limit value by niade changeable because it is limited by the time required 

adding the delay time limit value to the packet arrival time. for one comparison and the time to the next output. 
The size measuring unit 115 measures the size of the packet 4Q FIG. 4 is a diagram for explaining an example of the 

received, and converts the resulting size to the value in terms process flow shown in FIG, 3. In FIG. 4, the first entry in the 

of processing time. For example, assuming that the time queue 130 is a packet with attributes of size 4 and output 

required for processing a packet whose size is 64 bytes is the time limit 8 and the second entry is a packet with attributes 

basic unit, this size wiU be referred to as size 1. A packet of of size 6 and output time limit 10. Using the codes in FIG. 
256 bytes wiU be size 4 after conversion. The said output 45 3, these can be represented as Sl«4, S2«6, El-t0=8, and 

time limit value is also represented using this unit; if the E2-t0=10. In this example, the time limit period is set so that 

delay time limit value is the length of time equivalent to a time tO will be 0. 

transmission time of 6,400 bytes, then the delay time limit Since the selection process gives S2>S1, the device 

value is represented and set as 100. The address generating proceeds to comparison at Step 305. It then selects Packet 2 
unit 113 manages the information concerning the queue 130, 50 at Step 307 since S2<E1. Packet 2 is further compared with 

the buffer memory 120, and the available space in the the third entry. Assuming S3-1 and E3-t0-4, S2>S3 and 

attribute storing memory 140, and generates the respective thus the size S2 and the output time limit value E3 are 

addresses required for writing. compared. This gives S2>E3, and therefore Packet 3 is 

The input processing unit 110 thus allocates a time stamp selected. Packet 3 is then compared with the fourth entry, 
attribute to each input packet, and writes it in the queue 130 55 Assuming S4=3 and E4-t0=6, S4>S3 and thus the size S4 

in sequence. In actual operation, multiplexing is achieved by and the output time limit value E3 are compared. This gives 

performing the same process on the input lines 10-1, 10-2 . . . S4>E3, and therefore Packet 4 is selected. In this example, 

10-n and writing the entries to be output to one queue 130 comparing the first to fourth packets in the queue 130 results 

in sequence. in selection of Packet 4 for output. 

The read operation will now be described. FIG. 3 is a 60 After outputting Packet 4, the output timing for the next 

flowchart for explaining the operation of the read controUing packet becomes the time t3. Using this time as the reference 

unit 150 for comparing packets in size and output time limit time limit period, the selection process is conducted on 

value. The read controlling xmit 150 examines a queue 130 Packet 1, Packet 2, and Packet 3, which have not been 

from the start to determine the next packet to read. The read selected, and the fifth packet, if such entry exists. When the 
controlling unit 150 first reads the attributes of the two 65 packet for output is determined in this manner, the read 

entries from the start of the queue 130 by referring to each controlling unit reads the packet using the pointer 202 to the 

address pointed by the pointer 201, and compares these two buffer memory 120 and outputs it to the outside. 
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The foregoing is the basic process for reading. A special 
case will now be described. If a flow is determined that it 
will not be del ay -guaranteed by a header search, its output 
time limit is set to the maximum. This causes its priority 
during the selection process to be lowered. 5 

The operation at the time of convergence will now be 
described. At the time of congestion, it is expected that 
packets that exceed the output time limit may occur. In 
addition to specifying whether time guarantee will be con- 
ducted or not during an attribute search at the time of input, 
the operation to be conducted when the output time limit is 
exceeded is also specified. More specifically, specification is 
made as to whether a packet should be discarded or not if its 
output time limit expires. By this, it becomes possible to 
discard a packet if the process to select the next packet to 
output results in a negative value for E-tO, which means a 
time-out. 

The operation of policing will now be described. A flag 
indicating whether policing will be conducted or not is set as 
one of the values to be acquired during a header search at the 
time of input, in addition to a threshold of transmission 
bandwidth permitted to a flow subjected to policing. A flow 
ID is also defined for easier management of integrated 
values, and is used as an address when accessing the 
integration table 116. This flow ID is also set in the attribute 
table 112. By holding the integrated value for each ID in this 
table, and adding up packet sizes in units of a fixed window 
size (fixed time), it is judged whether a violation exists 
against this integrated value or not. An integrated value is 
cleared every time the window size is reached. 

The results of size measurement at packet reception are 
added up and a state of violation is declared when the 
pre -determined threshold is exceeded. A violating packet is 
handled according to the setting, whether it should be 
discarded or its priority for read fi^om a queue should be 35 
lowered by maximizing the output time limit, as stated 
above, 

FIG. 5 is a configuration block diagram for explaining a 
packet multiplexer according to the second embodiment of 
the present invention. A comparison with the embodiment 40 
shown in FIG. 1 shows that the second embodiment has two 
queues with different priorities, while the configuration of 
the first embodiment was explained for output control for the 
single queue 130. The two queues consist of a high-priority 
queue 131 with a higher read priority, and a lower-priority 45 
queue 132 with a lower read priority. The input processing 
unit 110 is the same as the one shown in FIG, 1. 

In a multiplexer of this configuration, an input packet is 
written to the high-priority queue 131 if the attribute 
acquired by a header search indicates delay guarantee, or to 50 
the low-priority queue 132 if it does not indicate delay 
guarantee. The read controlling imit 150 reads from the 
high-priority queue 131 whenever it contains packets, and 
reads from the low-priority queue 132 when the high- 
priority queue 131 does not contain packets. The selection 55 
flow shown in FIG. 3 is used for a read from the high- 
priority queue 131 only; in a read from the low-priority 
queue 132, packets are read in sequence, beginning with the 
first one. By this, finer priority control becomes possible. 

Although the embodiments described above deal with a 60 
single queue priority and two different queue priorities, 
respectively, the present invention is not limited to such 
configurations. In addition to these, configurations are also 
possible in which queues may be classified into three or 
more priority levels, and the queue with the highest priority 65 
is read most frequently, with other queues being read with 
decreasing frequencies according to the levels of priorities. 
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As described in the foregoing, the read controlling unit of 
the present invention makes it possible, when there are 
shorter and longer packets, to select to output longer packets 
whenever the requirement of delay time can be met, thereby 
first outputting longer packets with which effects of statis- 
tical multiplexing are not expected and later outputting 
shorter packets with which effects of statistical multiplexing 
are likely during less crowded hours. The present invention 
enables delay time guarantee, which has not been achieved 
in conventional priority control methods that allocate pack- 
ets to queues with different priorities simply based on the 
lengths of packets. 

Furthermore, by implementing configurations similar to 
that of the embodiment, in which the read controlling unit 
has the results of bandwidth policing for input packets 
reflected in the selection process, it becomes possible to 
discard illegal packets incoming from the subscriber side or 
lower the read priority of such packets, thereby ensuring 
more eflScient use of transmission bandwidths within the 
network. 

Although the invention has been illustrated and described 
with respect to exemplary embodiment thereof, it should be 
understood by those skilled in the art that the foregoing and 
various other changes, omissions and additions may be 
made therein and thereto, without departing from the spirit 
and scope of the present invention. Therefore, the present 
invention should not be understood as limited to the specific 
embodiment set out above but to include all possible 
embodiments which can be embodies within a scope encom- 
passed and equivalents thereof with respect to the feature set 
out in the appended claims. 

What is claimed is: 

1. A packet multiplexer, comprising: 

an input processing means for setting an output time limit 
value in each of a first input packet and a second input 
packet and for measuring the sizes of said first and 
second input packets and converting the measurements 
to values in terms of processing times corresponding to 
these sizes, said output time limit values of each of said 
first and second input packets reflecting corresponding 
delay time limit values for each of said first and second 
input packets; 

a first storing means for storing the first and second input 
packets, 

a second storing means for storing the order in which the 
first and second input packets are to be output accord- 
ing to the order in which they are received; 

an attribute storing means for storing the output time limit 
values and sizes of the first and second input packets 
that are calculated by the input processing means; and 

a read controUing means for comparing the output time 
Umit values and sizes that are stored in the attribute 
storing means for the first and second input packets and 
then selecting one of the first and second input packets 
to output so that the first and second input packets will 
be output in decreasing order of size within the range 
in which a scheduled output time of each of said first 
and second input packets will meet the corresponding 
delay time limit values. 

2, The packet multiplexer as set forth in claim 1, wherein 
said input processing means further comprising 

an attribute table for storing said delay time limit 
values, 

a lime stamp generating means for calculating said 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, 
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and a size measuring means for measuring the size of 
said first and second input packets and converting the 
result into values in terms of processing lime corre- 
sponding to said size. 

3. The packet multiplexer as set forth in claim 1, wherein 5 
said read controlling means selects an input packet by 

giving priority to input packets that will time out. 

4. The packet multiplexer as set forth in claim 1, wherein 
said input processing means further comprising 

an attribute table for storing said delay time limit 
values, 

a time stamp generating means for calculating said 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, 

and a size measuring means for measuring the size of 
said first and second input packets and converting the 
result into values in terms of processing time corre- 
sponding to said size, wherein 
said read controlling means selects an input packet by 

giving priority to input packets that will time out. 

5. The packet multiplexer as set forth in claim 1, wherein 
said input processing means has an integration table for 

adding up said packet sizes to obtain an integrated 25 
value, wherein 
said read controlling means discards the contents stored in 
said first storing means, second storing means, and 
attribute storing means if the integrated value in said 
integration table exceeds a predetermined threshold. 30 

6. The packet multiplexer as set forth in claim 1, wherein 
said input processing means further comprising 

an attribute table for storing said delay time limit 
values, 

a time stamp generating means for calculating said ^5 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, 
a size measuring means for measuring the size of said 
first and second input packets and converting the ^0 
result into values in terms of processing time corre- 
sponding to said size, 
an integration table for adding up said packet sizes to 
obtain an integrated value, wherein 
said read controlling means discards the contents stored in 
said first storing means, second storing means, and said 
attribute storing means if the integrated value in said 
integration table exceeds a predetermined threshold. 

7. The packet multiplexer as set forth in claim 1, wherein 
said input processing means has an integration table for 

adding up said packet sizes to obtain an integrated 

value, wherein 
said read controlling means selects an input packet by 

giving priority to input packets that will time out, 55 
and discards the contents stored in said first storing 

means, second storing means, and attribute storing 

means if the integrated value in said integration table 

exceeds a predetermined threshold. 

8. The packet multiplexer as set forth in claim 1, wherein go 
said input processing means further comprising 

an attribute table for storing said delay time limit 
values, 

a time stamp generating means for calculating said 
output time limit values based on said delay time 65 
limit values and a time required for each of said first 
and second input packets to arrive. 
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a size measuring means for measuring the size of said 
first and second input packets and converting the 
result into values in terms of processing time corre- 
sponding to said size, and an integration table for 
adding up said packet sizes to obtain an integrated 
value, wherein 
said read controlling means selects an unput packet by 

giving priority to input packets that will time out, 
and discards the contents stored in said first storing 

means, second storing means, and attribute storing 

means if the integrated value in said integration table 

exceeds a predetermined threshold. 

9. The packet multiplexer as set forth in claim 1, wherein 
said input processing means has an integration table for 

adding up said packet sizes to obtain an integrated 
value, wherein 
said read controlling means sets the output time limit 
value for an input packet stored in said attribute storing 
means to a predetermined maximum value if the inte- 
grated value in the integration table exceeds a prede- 
termined threshold. 

10. The packet multiplexer as set forth in claim 1, wherein 
said input processing means further comprising 

an attribute table for storing said delay time limit 
values, 

a time stamp generating means for calculating said 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, 
a size measuring means for measuring the size of said 
first and second input packets and converting the 
resuh into values in terms of processing time corre- 
sponding to said size, 
and an integration table for adding up said packet sizes 
to obtain an integrated value, wherein 
said read controlling means sets the output time limit 
value for an input packet stored in said attribute storing 
means to a predetermined maximum value if the inte- 
grated value in the integration table exceeds a prede- 
termined threshold. 

11. The packet multiplexer as set forth in claim 1, wherein 
said input processing means has an integration table for 

adding up said packet sizes to obtain an integrated 
value, wherein 

said read controlling means selects an input packet by 
giving priority to input packets that will time out, 

and sets the output time limit value for an input packet 
stored in said attribute storing means to a predeter- 
mined maximum value if the integrated value in the 
integration table exceeds a predetermined threshold. 

12. The packet multiplexer as set forth in claim 1, wherein 
said input processing means further comprising 

an attribute table for storing said delay time limit 
values, 

a time stamp generating means for calculating said 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, 

a size measuring means for measuring the size of said 
first and second input packets and converting the 
result into values in terms of processing time corre- 
sponding to said size, 

and an integration table for adding up said packet sizes 
to obtain an integrated value, wherein 
said read controlling means selects an input packet by 

giving priority to an input packet that will time out. 
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and sets the output time limit value for an input packet in 
said attribute storing means to a predetermined maxi- 
mum value if the integrated value in the integration 
table exceeds a predetermined threshold. 

13. The packet multiplexer as set forth in claim 1, wherein 5 
said first storing means comprises: 

a high-priority queue for storing the output order of 
delay-guaranteed packets to be output earlier, 

and a low-priority queue for storing the output order of 
non-delay-guaranteed packets, wherein 10 
said read controlling means whenever one or more input 

packets exist in said high-priority queue, gives output 

priority to said one or more input packets. 

14. The packet multiplexer as set forth in claim 1, wherein 
said first storing means comprises: 

a high-priority queue for storing the output order of 
delay-guaranteed packets to be output earlier, 

and a low-priority queue for storing the output order of 
non-delay-guaranteed packets, wherein 
said read controlling means selects from one or more 

packets stored in said high-priority queue by giving 

priority to input packets that will time out, 
and selects from one or more input packets stored in said 

low-priority queue in sequence from the output order of 25 

non-delay-guaranteed packets. 

15. A packet multiplexer, comprising: 

an input processing unit which sets an output time limit 
value in each of a first input packet and a second input 
packet and measures the sizes of said first and second 
input packets and converts the measurements to values 
in terms of processing times corresponding to these 
sizes, said output time limit values of each of said first-' 
and second input packets reflecting corresponding 
delay time limit values for each of said first and second ^5 
input packets; 

a storing memory which stores the first and second input 
packets, 

a queue which stores the order in which the first and ^ 
second input packets are to be output according to the 
order in which they are received; 

an attribute storing memory which stores the output time 
limit values and sizes of the first and second input 
packets that are calculated by the input processing unit; 

and a read controlling unit which compares the output 
time limit values and sizes that are stored in the 
attribute storing memory for the first and second input 
packets and then selects one of the first and second 
input packets to output so that the first and second input 50 
packets will be output in decreasing order of size within 
the range in which a scheduled output time of each of 
said first and second input packets will meet the cor- 
responding delay time limit values. 

16. The packet multiplexer as set forth in claim 15, 55 
wherein 

said input processing unit further comprising 

an attribute table which stores said delay time limit 
values, 

a time stamp generating unit which calculates said 60 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, and 

a size measuring unit which measures the size of said 
first and second input packets and converts the result 65 
into values in terms of processing time correspond- 
ing to said size. 
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17. The packet multiplexer as set forth in claim 15, 
wherein 

said read controlling unit selects an input packet by giving 
priority to input packets that will time out. 

18. The packet multiplexer as set forth in claim 15, 
wherein 

said input processing unit further comprising 

an attribute table which stores said delay time limit 
values, 

a time stamp generating imit which calculates said 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, and 

a size measuring unit which measures the size of said 
first and second input packets and converts the result 
into values in terms of processing time correspond- 
ing to said size, wherein 
said read controlling unit selects an input packet by giving 

priority to input packets that will time out. 

19. The packet multiplexer as set forth in claim 15, 
wherein 

said input processing imit has an integration table for 
adding up said packet sizes to obtain an integrated 
value, wherein 

said read controlling unit discards the contents stored in 
said storing memory, queue, and attribute storing 
memory if the integrated value in said integration table 
exceeds a predetermined threshold. 

20. The packet multiplexer as set forth in claim 15, 
wherein 

said input processing unit further comprising 

an attribute table which stores said delay time limit 
values, 

a time stamp generating unit which calculates said 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, 

a size measuring unit which measures the size of said 
first and second input packets and converts the result 
into values in terms of processing time correspond- 
ing to said size, 

an integration table which adds up said packet sizes to 
obtain an integrated value, wherein 
said read controlling unit discards the contents stored in 

said storing memory, queue, and attribute storing 

memory if the integrated value in said integration table 

lexceeds a predetermined threshold. 

21. The packet multiplexer as set forth in claim 15, 
wherein 

said input processing imit has an integration table for 
adding up said packet sizes to obtain an integrated 
value, wherein 

said read controlling unit selects an input packet by giving 
priority to input packets that will time out, 

and discards the contents stored in said storing memory, 
queue, and attribute storing memory if the integrated 
value in said integration table exceeds a predetermined 
threshold. 

22. The packet multiplexer as set forth in claim 15, 
wherein 

said input processing unit further comprising 

an attribute table which stores said delay time limit 
values, 
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a time stamp generating unit which calculates said 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, 

a size measuring unit which measures the size of said ^ 
first and second input packets and converts the residt 
into values in terms of processing time correspond- 
ing to said size, 

and an integration table which adds up said packet sizes 
to obtain an integrated value, wherein 
said read controlling unit selects an input packet by giving 

priority to input packets that will time out, 
and discards the contents stored in said storing memory, 

queue, and attribute storing memory if the integrated 15 

value in said integration table exceeds a predetermined 

threshold. 

23. The packet multiplexer as set forth in claim 15, 
wherein 

20 

said input processing unit has an integration table for 
adding up said packet sizes to obtain an integrated 
value, wherein 

said read controlling unit sets the output time limit value 
for an input packet stored in said attribute storing 25 
memory to a predetermined maximum value if the 
integrated value in the integration table exceeds a 
predetermined threshold. 

24. The packet multiplexer as set forth in claim 15, 
wherein 30 

said input processing unit further comprising 

an attribute table which stores said delay time limit 
values, 

a time stamp generating unit which calculates said 
output time limit values based on said delay time 
limit values and a time required for said first and 
second input packets to arrive, 

a size measuring imit which measures the size of said 
first and second input packets and converts the result 40 
into values in terms of processing time correspond- 
ing to said size, 

and an integration table which adds up said packet sizes 
to obtain an integrated value, wherein 
said read controlling unit sets the output time limit value 

for an input packet stored in said attribute storing 

memory to a predetermined maximum if the integrated 

value in the integration table exceeds a predetermined 

threshold. 

25. The packet multiplexer as set forth in claim 15, 50 
wherein 

said input processing unit has an integration table for 
adding up said packet sizes, wherein 

said read controUing unit selects an input packet by giving 
priority to input packets that will time out, 

and sets the output time limit value for an input packet 
stored in said attribute storing memory to a predeter- 
mined maximum value if the integrated value in the 
integration table exceeds a predetermined threshold. 



26. The packet multiplexer as set forth in claim 15, 
wherein 

said input processing unit further comprising 

an attribute table which stores said delay time limit 
values, 

a time stamp generating unit which calculates said 
output time limit values based on said delay time 
limit values and a time required for each of said first 
and second input packets to arrive, 
a size measiuing unit which measures the size of said 
first and second input packets and converts the result 
into values in terms of processing time correspond- 
ing to said size, 
and an integration table which adds up said packet sizes 
to obtain an integrated value, wherein 
said read controlfing unit selects an input packet by giving 

priority to an input packet that will time out, 
and sets the output time limit value for an input packet in 
said attribute storing memory to a predetermined maxi- 
mum if the integrated value in the integration table 
exceeds a predetermined threshold, 

27. The packet multiplexer as set forth in claim 15, 
wherein 

said storing memory comprises: 

a high-priority queue which stores the output order of 

delay-guaranteed packets to be output earlier, 
and a low-priority queue which stores the output order 
of non-delay-guaranteed packet, wherein 
said read controlling unit whenever one or more input 
packets exist in said high-priority queue, gives output 
priority to said one or more input packets. 

28. The packet multiplexer as set forth in claim 15, 
wherein 

said first storing unit comprises: 

a high-priority queue which stores the output order of 
delay-guaranteed packets to be output earlier, 

and a low-priority queue which stores the output order 
of non-delay-guaranteed packets, wherein 
said read controlling unit selects from one or more 

packets stored in said high-priority queue by giving 

priority to input packets that will time out, 
and selects from one or more input packets stored in said 

low-priority queue in sequence from the output order of 

non-delay-guaranteed packets. 

29. A method of packet scheduling, comprising: 
receiving two or more packets, each packet having a 

corresponding delay time limit value and a size; 

calculating an output time limit value for each of the 
packets based on the delay time limit value correspond- 
ing to each packet; 

determining a processing time for each of the packets, the 
processing time being based on the size of the packet; 

comparing the output time limit values and processing 
times for two of the packets; 

selecting one of the two packets for outputting so the two 
packets are scheduled for outputting in decreasing 
order of size within the output time limit values of the 
two packets. 
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